The mirror neuron system (MNS) has been proposed to play an important role in social cognition by providing a neural mechanism by which others' actions, intentions, and emotions can be understood. Here functional magnetic resonance imaging was used to directly examine the relationship between MNS activity and two distinct indicators of social functioning in typically-developing children (aged 10.1 years ± 7 months): empathy and interpersonal competence. Reliable activity in pars opercularis, the frontal component of the MNS, was elicited by observation and imitation of emotional expressions. Importantly, activity in this region (as well as in the anterior insula and amygdala) was significantly and positively correlated with established behavioral measures indexing children's empathic behavior (during both imitation and observation) and interpersonal skills (during imitation only). These findings suggest that simulation mechanisms and the MNS may indeed be relevant to social functioning in everyday life during typical human development.
The capacity to code the 'like me' analogy between self and others may represent a basic prerequisite for the development of social cognition (Meltzoff, 2005; Meltzoff and Brooks, 2001; Meltzoff and Moore, 1977) , allowing for meaningful social bonds to be established between individuals. It has been proposed that the mirror neuron system (MNS) may be the neurophysiological mechanism at the basis of this self/other equivalence (Gallese et al., 2004) . First described in the ventral premotor cortex (area F5) of the macaque brain but later also found in the inferior parietal lobule (area PF), mirror neurons fire both when a monkey executes goalrelated hand and mouth actions as well as when it observes the same actions being performed by others (Ferrari et al., 2003; Gallese et al., 1996; Umilta et al., 2001 ). This MNS is thus thought to constitute a neural substrate for understanding others' actions, as well as their intentions (Fogassi et al., 2005) , via a 'simulation' mechanism whereby seeing the actions of others elicits neural activity in cells that are active when we perform those actions ourselves (Gallese and Goldman, 1998) . The presence of an analogous neural system in the human brain -encompassing the pars opercularis of the inferior frontal gyrus and adjacent ventral premotor cortex, as well as the anterior inferior parietal lobulehas subsequently been demonstrated in several independent studies (for reviews, see Iacoboni and Dapretto, 2006; Rizzolatti and Craighero, 2004) of imitation (Buccino et al., 2004; Iacoboni et al., 1999; Koski et al., 2003 Koski et al., , 2002 Leslie et al., 2004; Molnar-Szakacs et al., 2005) , action observation (Buccino et al., 2001; JohnsonFrey et al., 2003; Leslie et al., 2004) , and intention understanding .
Relevant to the proposed role of the MNS in social cognition is evidence suggesting that -in concert with activity in the anterior insula and amygdala -the MNS may also be involved in decoding the emotional states of others (Carr et al., 2003; Dapretto et al., 2006; Leslie et al., 2004; Schulte-Ruther et al., 2007; van der Gaag et al., 2007) . According to the embodied model of emotion understanding proposed by Carr et al. (2003) , the configuration of facial muscles denoting a particular emotional expression (e.g., furrowed eyebrows, scrunched up nose, and pursed lips in the case of anger) is indeed an action associated with a motor plan which is activated -via the firing of mirror neurons -both when displaying a given facial expression oneself, and when observing that expression in another individual. As connected through the anterior insula (Augustine, 1996) , the frontal component of the MNS (i.e., pars opercularis and adjacent ventral premotor cortex) would then modulate activity within the limbic system (i.e., the amygdala) where the emotion associated with a given facial expression is actually felt by the observer. In this model, the internal simulation of others' emotions via this mechanism is also thought to support our ability to empathize with othersparticularly the affective ("I feel what you feel") aspects of empathy (for a distinction between emotional and cognitive perspective-taking components of empathy, see Baron-Cohen and Wheelwright, 2004; Davis, 1983; Jackson et al., 2005; Lawrence et al., 2006;  for an additional distinction between emotional empathy and motor empathy, see Blair, 2005) .
A number of recent studies have provided empirical evidence of a link between several different aspects of empathy and activity in the MNS system, narrowly defined as the pars opercularis and adjacent ventral premotor cortex, as well as the anterior inferior parietal lobule (i.e., the human homologues of areas F5 and PF in the monkey brain where mirror neurons were first discovered using single cell recordings). MNS activity in response to non-emotional stimuli has been associated with cognitive aspects of empathy, such as perspective-taking abilities , as well as with empathic concern (Kaplan and Iacoboni, 2006) . With respect to emotionally-laden stimuli, personal distress (as well as perspective-taking, albeit to a lesser extent) has been associated with MNS activity in response to disgusted and pleased emotional expressions (Jabbi et al., 2007) . Emotional empathy and empathic concern have also been linked to MNS activity in the right inferior frontal cortex while viewing angry and fearful facial expressions (Schulte-Ruther et al., 2007) .
With regard to the role of the MNS in empathizing with others' pain, the evidence is less clear. Several studies have not reported significant activity within MNS regions in response to the perception of pain in others. Rather, both feeling pain and observing someone else experience pain have been consistently associated with robust activation in the anterior cingulate cortex and anterior insula (Botvinick et al., 2005; Jackson et al., 2006 Jackson et al., , 2005 Lamm et al., 2007; Saarela et al., 2006; Singer et al., 2004 Singer et al., , 2006 , with activity in this circuitry also shown to be related to several indicators of empathic tendencies (Lamm et al., 2007; Saarela et al., 2006; Singer et al., 2004 Singer et al., , 2006 . One study did find, however, that when perceiving pain from others' faces, various indices of affect sharing were positively correlated with activity in a cluster encompassing the anterior insula as well as the inferior frontal gyrus (though this appeared to involve the pars triangularis rather than the pars opercularis; Saarela et al., 2006) . Furthermore, in another recent study relating neural activity associated with the observation of pain to several indicators of dispositional empathy (Lamm et al., 2007) , significant correlations were found between emotional contagion and activity in both frontal and parietal MNS regions, although this activity was attributed to a general role of these areas in motor control, rather than to mirroring mechanisms.
The limited MNS involvement observed in these studies of empathy for pain may indicate that the sharing of affective responses can be achieved without relying on motor circuitry, as suggested by de Vignemont and Singer (2006; but see Avenanti et al., 2005 , for evidence of sensorimotor involvement in empathy for pain). These seemingly discrepant findings, however, may also reflect the fact that the designs and stimuli used in these studies (e.g., the use of abstract cues to indicate that a person was in pain and/or the repeated presentation of the same emotional expression) might not have been suited to elicit significant MNS activity. Regardless, these findings suggest that the link between distinct aspects of empathy and MNS activity in response to a variety of emotionally-laden stimuli could benefit from additional examination. Furthermore, given that all previous studies were conducted in adults, it may be valuable to extend this investigation to a developmental population.
What about the more general hypothesis that MNS may also play a significant role in social cognition? This issue remains rather controversial in the field. Some have championed a simulation theory of 'mind reading' grounded on mirroring mechanisms (Gallese, 2006; Gallese and Goldman, 1998; Keysers and Gazzola, 2006) , whereby we come to understand others by implicitly simulating their actions, intentions, and emotions (as well as sensations) in our minds -thus relying on our own mental states to inform our understanding of other individuals (for a discussion of different shared representation accounts of social cognition, see Decety and Grezes, 2006) . Others, however, have been rather skeptical about the role played by mirroring mechanisms in social cognition (Jacob and Jeannerod, 2005) , even arguing that mirror neurons may at best support the representation of "simple actions and some basic emotions (most plausibly, disgust and fear)" (Saxe, 2005, p. 174) . At present, direct empirical evidence bearing on this broader issue is lacking, although numerous findings of MNS dysfunction in autism (for reviews, see Ramachandran, 2007) are consistent with the hypothesis of MNS involvement in social cognition, given that social deficits are a hallmark of this disorder. Notably, in one study where MNS functioning in children with autism was directly related to symptom severity in the social domain, significant negative correlations were found between activity in the frontal component of the MNS and two independent measures of social impairment . However, it remains to be determined whether the relationship between MNS activity and interpersonal skills exist only in this clinical population, or whether the MNS can also explain individual variability in typicallydeveloping children.
To summarize, the goals of this functional magnetic resonance imaging (fMRI) study were to further elucidate the role of the MNS with respect to two separate indices of social functioningempathy and interpersonal competence -in a sample of typicallydeveloping children. More specifically, using a paradigm previously shown to reliably activate the putative MNS in both adults and children (Carr et al., 2003; Dapretto et al., 2006) , we examined whether activity elicited by imitation and observation of emotional expressions in the frontal component of the MNS would (i) correlate with children's tendencies to empathize with others, and (ii) also be related to children's interpersonal competence, thus supporting a more general role for the MNS in understanding others.
Materials and methods

Participants
Sixteen children (nine boys and seven girls) participated in the study (with no overlap between these participants and those of Dapretto et al., 2006) . Their age ranged from 9.6 to 10.8 years (M = 10.2, SD = 0.4). Participants had no history of significant medical (e.g., complications during gestation or birth, systematic malignancies), psychiatric (e.g., ADHD, autism), or neurological (e.g., seizures, myotonic dystrophy) disorders based on parental reports on a medical questionnaire. All children exceeded an exclusionary criterion set for full scale IQ N 80 (M = 116, SD = 13). The sample was predominantly right-handed (14 right-, 1 mixed-, and 1 left-handed; based on self-reported Stated Hand Preference and parent-reported Waterloo Handedness Questionnaire). Children also underwent a brief neurological screening (Quick Neurological Screening Test; Mutti et al., 1988) , and no gross structural abnormalities were detected in participating children during scanning. The UCLA Institutional Review Board approved the study, and written informed consent was obtained from children and their parents.
fMRI tasks
Full-color, whole-face stimuli comprising an ethnically diverse set of 16 individuals (8 male, 8 female) expressing 5 different emotions (angry, fearful, happy, neutral, or sad) were selected from the MacBrain Face Stimulus Set (http://www.macbrain.org/faces/ index.htm). During one scan (Imitation), children were asked to "imitate the expression on each face." During the other scan (Observation), children were asked to "just look at the expression on each face." The order of imitation and observation scans was counterbalanced between participants. Both imitation and observation scans consisted of 96 events lasting 3 s each. These events comprised the 80 whole-face stimuli described above (16 per emotion) and an additional 16 null events (fixation cross). The order of events was determined using Optimize Design 11 (Wager and Nichols, 2003) to maximize contrast detection efficiency. Similar observation-imitation paradigms have been used in prior imaging studies (Carr et al., 2003; Dapretto et al., 2006; Iacoboni et al., 1999; Leslie et al., 2004) to elicit mirror neuron activity. Since mirror neurons activate both when performing an action oneself and observing others perform that same action, asking participants to imitate an action they observed ensures a close match between the observed and executed action.
Behavioral measures
At least 1 day prior to the fMRI session, children filled out a modified version of the Interpersonal Reactivity Index (IRI; Davis, 1983) , indicating to what extent short phrases described them on a 5-point scale (from "does not describe me at all" to "describes me very well"). This measure was chosen because it taps a variety of aspects of empathy, and is not limited to either emotional or cognitive components, although it does not directly address motoric aspects like mimicry. Sample items from each of the subscales include: "Sometimes I don't feel very sorry for other people when they are having problems" (empathic concern, reverse coded), "Being in a tense emotional situation scares me" (personal distress), "I sometimes try to understand my friends better by imagining how things look from their point of view" (perspectivetaking), and "I really get involved with the feelings of the characters in a story" (fantasy). While this scale was developed to assess empathy in adults, the validity of a modified version of the IRI was demonstrated in a large-scale study of 478 children ranging in age from second to sixth grade (Litvack-Miller et al., 1997) . This modified IRI was found to be a reliable assessment of empathy in children over repeated administrations and was significantly associated with a variety of objective measures of prosocial behaviors that clearly indicate dispositional empathy (including teacher ratings of each child's tendency to comfort, help, share, and cooperate). Hence, although in this study actual social behavior was not measured, the high correlations found between the IRI and assessments of prosocial behavior (even after controlling for grade and gender) suggest the IRI is strongly indicative of predispositions towards real empathic behavior.
Children's parents also filled out the Interpersonal Competence Scale (ICS; Cairns et al., 1995) at least 1 day prior to the fMRI session, indicating the most appropriate rating for their child on a 7-point scale (e.g., from "always" or "very" to "never" or "not"). Sample items include: "Gets into trouble at school," "Shy," "Has lots of friends," and "Popular with boys/girls." The ICS has been extensively validated in ethnically and socio-economically diverse children across grades 1-12 and has been used to predict outcomes such as academic performance, motivational attributions, social relations, and loneliness (Bellmore et al., 2004; Estell et al., 2002; Mahoney and Cairns, 1997; Mahoney et al., 2005; Rodkin et al., 2000) .
The IRI and ICS were not significantly correlated with each other (r = 0.32, ns). This does not contradict the results of the study validating the use of the IRI in children (Litvack-Miller et al., 1997) , which related empathy to various prosocial behaviors, because that study had a sample size nearly 30 times larger than in the present investigation. For example, the unique relationship between empathic concern and cooperation found in that study was small but nevertheless significant (r = 0.13, calculated from the t value of a beta weight in a multiple regression). Thus, previous findings and our own both indicate that, while not unrelated, empathy and interpersonal competence are not interchangeable and represent different psychological constructs.
fMRI data acquisition
Data were acquired using a Siemens Allegra 3.0 T MRI scanner. A 2D spin-echo scout (TR = 4000 ms, TE = 40 ms, matrix size 256 by 256, 4-mm thick, 1-mm gap) was acquired in the sagittal plane to allow prescription of the slices to be obtained in the remaining scans. Each imitate or observe scan lasted 4 min and 54 s (gradient-echo, TR = 3000 ms, TE = 25 ms, flip angle = 90°, matrix size 64 by 64, FOV = 20 cm, 36 slices, 3.125-mm in-plane resolution, 3-mm thick). For each participant, a high-resolution structural T2-weighted echo-planar imaging volume (spin-echo, TR = 5000 ms, TE = 33 ms, matrix size 128 by 128, FOV = 20 cm, 36 slices, 1.56-mm in-plane resolution, 3-mm thick) was acquired coplanar with the functional scans. Stimuli were presented to participants through high-resolution magnet-compatible goggles (Resonance Technology, Inc.).
fMRI data analysis
Using Automated Image Registration (Woods et al., 1998a,b) , all functional images were a) realigned to correct for head motion and co-registered to their respective high-resolution structural images using a 6-parameter rigid body transformation model, b) spatially normalized into a Talairach-compatible MR atlas using polynomial non-linear warping, and c) smoothed using a 6-mm FWHM isotropic Gaussian kernel.
Statistical analyses were implemented in SPM99 (Wellcome Department of Cognitive Neurology, London, UK; http://www.fil. ion.ucl.ac.uk/spm/) and MarsBaR (http://marsbar.sourceforge.net/), a region of interest (ROI) toolbox for SPM99). For each subject, condition effects were estimated according to the general linear model, using a canonical hemodynamic response function, highpass filtering, and no global scaling. Linear contrasts were employed to assess comparisons of interest within individual participants (i.e., all expressions vs. null events). Although this contrast was used to maintain consistency with previously published literature in the field (Carr et al., 2003; Dapretto et al., 2006; Iacoboni et al., 1999; Leslie et al., 2004) , when the reported analyses were re-run comparing emotional expressions vs. neutral expressions, the same patterns remained.
Random effects analyses were computed using the contrast images generated for each subject. For the Imitation scan (Table 1) , activity was considered reliable if it survived p b 0.001 at the voxel level (magnitude) as well as correction for multiple comparisons at the cluster level (p b 0.05). The observation of emotional expressions was expected to result in reduced activity relative to imitation based on prior findings in the neuroimaging literature in humans (Carr et al., 2003; Dapretto et al., 2006; Iacoboni et al., 1999; Leslie et al., 2004) , as well as results from single-cell recording in monkeys. That is, mirror neurons have often been shown to fire at a higher rate when the monkey executes an action itself than when it observes that same action being performed by others; further, only a small percentage of neurons (10-20%) that respond during action execution also respond during observation (e.g., Ferrari et al., 2003; Gallese et al., 1996; Keysers et al., 2003; Kohler et al., 2002) . Accordingly, a more liberal threshold was set for the Observation scan, p b 0.01 at the voxel level, though activity still needed to survive correction for multiple comparisons at the cluster level (p b 0.05) in order to be deemed reliable. Small-volume corrections were applied in some instances to a priori regions of interest constituting the nodes of the network proposed in previously published literature (i.e., pars opercularis in posterior inferior frontal gyrus, insula, and amygdala; see Table 1 ).
To explore whether brain activity was related to empathy and interpersonal competence, separate simple regression analyses were conducted within the brain regions significantly activated during imitation or observation (Table 2) . Significance levels for these analyses were also set at p b 0.01 at the voxel level, with correction for multiple comparisons at the cluster level (p b 0.05). Again, small-volume corrections were applied in some instances to the a priori regions of interest specified above. When these regression analyses were repeated with age entered as a covariate, a virtually identical pattern of results was observed, likely due to the minimal age variation in the sample.
Results
As expected, given the nature of the stimuli and the motor task, reliable activation during imitation was seen in primary somatomotor and visual cortices, as well as in extrastriate visual areas. Importantly, imitation of facial emotional expressions was also associated with reliable activation of the MNS (bilateral pars opercularis, adjacent ventral premotor cortex, and rostral inferior parietal lobule), insula, and amygdala (see Table 1 , Figs. 1A and 4). The frontal MNS-insula-amygdala circuit was also reliably activated during observation of facial emotional expressions, albeit to a lesser extent -indeed, all regions activated when observing emotional expressions (except for the hippocampus) were also activated when imitating facial expressions. (see Table 1 , Figs. 1B and 4). This pattern of activity closely resembles that previously observed in adults (Carr et al., 2003) and, in an independent sample, replicates the first demonstration of mirror neuron-like BA refers to putative Brodmann Area; L and R refer to left and right hemispheres; x, y, and z refer to the Talairach coordinates corresponding to the left-right, anterior-posterior, and inferior-superior axes, respectively; t refers to the highest t score within a region.
responses in classical mirror areas during the observation and imitation of facial emotional expressions in children . Given that activity in human cortical areas considered to contain mirror neurons was reliably elicited by the observation and imitation task as predicted, the first critical aspect of this investigation was to examine the possible links between MNS activity and empathy in children. Consistent with the hypothesis that the MNS -together with anterior insula and amygdala -may provide a neural substrate for empathy (Carr et al., 2003) , activity in these regions varied as a function of the children's scores on the Interpersonal Reactivity Index (IRI; see Table 2 , Figs. 2 and 4) . Specifically, during the observation of facial emotional expressions, the greater the child's empathic tendencies, the greater the activity in bilateral inferior frontal gyrus and adjacent ventral premotor cortex. In addition, significant correlations were observed Fig. 1 . Mirror neuron system activity in children. Panel A shows increased activity in mirror neuron areas, including pars opercularis, as well as rostral inferior parietal lobule, during imitation of facial expressions compared to null events (for display purposes, the imaging data were thresholded at t N 2.60, p b 0.01, corrected for multiple comparisons at the cluster level, p b 0.05). Also shown are activations in ventral premotor, primary motor, and somatosensory cortex, supplementary motor area, visual cortices, as well as the limbic system including the amygdala. Panel B compares activity in right pars opercularis during imitation and observation of facial emotional expressions. BA refers to putative Brodmann Area; L and R refer to left and right hemispheres; x, y, and z refer to the Talairach coordinates corresponding to the left-right, anterior-posterior, and inferior-superior axes, respectively; t refers to the highest t score within a region; pb refers to the p value associated with the relevant t score. Fig. 2 . Relationship between mirror neuron system activity and empathy. Panel A shows that during observation of emotional expressions, activity in MNS regions, insula, amygdala, and fusiform gyrus was positively correlated with children's tendency to empathize. Scatterplots depicting the correlation in right IFG with the overall score on the IRI and the three subscales which also produced significant correlations in this region (personal distress, empathic concern, and fantasy) are shown in panel B, with IRI scores along the ordinate and parameter estimates along the abscissa (for display purposes, the imaging data are thresholded at t N 1.76, p b 0.05, corrected for multiple comparisons at the cluster level, p b 0.05, with a small volume correction for the amygdala in panel A). x, y, and z refer to the Talairach coordinates corresponding to the left-right, anteriorposterior, and inferior-superior axes, respectively.
in the right insula, left amygdala, and left fusiform gyrus. To determine if these results held for the different aspects of empathy tapped by the IRI, separate regression analyses were also conducted with each of the four IRI subscales (see Table 3 ). For the empathic concern, personal distress, and fantasy subscales, significant correlations were again found in the right inferior frontal gyrus (IFG) and left fusiform gyrus. Significant correlations were also observed in the left IFG as well as in right insular and/or left periamygdalar regions for the empathic concern and personal distress subscales only. For the perspective-taking subscale, no significant correlations were observed. Children's overall scores on the IRI were also significantly correlated with activity during imitation in the right inferior frontal gyrus ([48 2 12], t = 6.48), right insula ([32 10 8], t = 4.76), and left FG ([−34 − 64 − 12], t = 3.40). Qualitatively speaking, for both observation and imitation the correlations were highest in the pars opercularis, which was the only region for which the clusters survived a more stringent statistical threshold for magnitude (p b 0.001). Direct tests of the difference in the strength of the reported correlations showed that the correlation between empathy and activity in this region was significantly stronger than those in the right insula (during observation, t = 1.75, p = 0.05) and the fusiform gyrus (during imitation, t = 1.81, p b 0.05).
The second aim of the study was to assess whether MNS activity would be associated with children's interpersonal competence. In line with the hypothesis that the MNS plays an important role in social behavior, the greater a child's interpersonal skills (as indexed by parental reports on the Interpersonal Competence Scale (ICS)), the greater the activity during imitation in the mirror neuron area in the right inferior frontal gyrus, as well as in the left amygdala, and bilateral insula (see Table 2 , Figs. 3 and 4) . Just as in the correlations with empathy, the highest correlation was observed in the cluster extending from the right inferior frontal gyrus to the anterior insula, but this correlation was not significantly stronger than those observed in the other regions. Children's scores on the ICS did not significantly correlate with activity during observation.
Finally, for the reader's convenience, we display the overlap between our various results in our primary regions of interest (i.e., the IFG, insular, and amygdalar regions). Fig. 4 illustrates this via color overlays created for both activation conditions (imitation and observation) as well as for the main correlations (with the IRI and the ICS).
Discussion
Our findings confirm that, in children just as in adults, the observation and imitation of emotional expressions elicit significant activity in putative mirror neuron areas in inferior frontal cortex, as well as anterior insula and the amygdala. Further, they indicate a link between activity in these regions and two distinct social cognitive capacities: empathy and interpersonal competence. These results then suggest that even in children, shared neural representations of our own and others' emotions may be readily evoked by simply viewing a variety of emotional expressions and, perhaps more importantly, that inter-individual variability in the extent to which these processes are engaged is significantly associated with abilities that are critical to social development (e.g., Eisenberg, 2004) .
Consistent with prior research findings (Botvinick et al., 2005; Carr et al., 2003; Dapretto et al., 2006; Lamm et al., 2007; Leslie et al., 2004; Jabbi et al., 2007; Jackson et al., 2006 Jackson et al., , 2005 Saarela et al., 2006; Singer et al., 2004 Singer et al., , 2006 van der Gaag et al., 2007; Wicker et al., 2003) and the model of emotion understanding via action representation proposed by Carr et al. (2003) , significant activity was also observed in the anterior insula, an area known to be involved in the internal representation of subjective feeling states (Craig, 2002 (Craig, , 2003 Critchley et al., 2004) , as well as in the amygdala, a region known to be implicated in the generation of affective responses to emotional stimuli (for reviews, see Phelps and LeDoux, 2005; Phillips et al., 2003) . In line with the hypothesis that the MNS -specifically its input onto limbic networks of emotion representation -may provide a neural substrate for the ability to empathize with others' emotions (Carr et al., 2003; Leslie et al., 2004) , activity in these regions was also found to be significantly correlated with children's tendency to empathize (for similar hypotheses about the relation between shared neural representations and empathy, see also Lamm et al., 2007; Jabbi et al., 2007; Saarela et al., 2006; Singer et al., 2004 Singer et al., , 2006 .
Of critical importance to the first aim of the present studynamely, to further examine the relationship between the MNS and empathy in typically-developing children -a significant correlation between children's empathy scores and activity during the observation (and imitation) of emotional faces was also found in the putative mirror neuron area in the right pars opercularis of the inferior frontal gyrus. This suggests that the neural mirroring of the BA refers to putative Brodmann Area; L and R refer to left and right hemispheres; x, y, and z refer to the Talairach coordinates corresponding to the leftright, anterior-posterior, and inferior-superior axes, respectively; t refers to the highest t score within a region; pb refers to the p value associated with the relevant t score.
emotions displayed by others may play an important role in allowing us not only to 'read' the emotional states of others but also to feel what others feel, consistent with developmental psychologists' conception of empathy as the affective reaction to an emotion displayed by another individual that is virtually identical to what one feels (Eisenberg, 2004; Eisenberg and Fabes, 1998; Hatfield et al., 1994; see de Vignemont and Singer, 2006 , for alternative definitions of empathy). Interestingly, while cognitive aspects of empathy (indexed by the perspective-taking subscale of the IRI; Davis, 1983) have been associated with putative MNS responses to non-emotional stimuli , we only observed significant correlations between the more affect-laden subscales of the IRI (particularly empathic concern and personal distress) and activity in the IFG, insula, and amygdala. How might these findings contribute to our understanding of the neural basis of empathy? Blair (2005) has argued that while motoric empathy may rely upon the MNS, emotional empathy recruits limbic/paralimbic and somatosensory areas. At a more basic level, Keysers and Gazzola (2006) have suggested that whereas action understanding is achieved by shared representations in action-relevant circuitries, emotions are understood by reactivation of emotion-relevant circuitries (e.g., anterior insula, amygdala, secondary sensory cortices). Our findings of strong correlations between empathy and activity in pars opercularis, anterior insula, and amygdala suggest that both the MNS and emotion-relevant circuitries may actually subserve emotional empathy. While corroborating the importance of the anterior insula and amygdala in the affective aspects of empathy, our results also add to an increasing body of evidence suggesting that the MNS may indeed be implicated in more than just action observation, mimicry, and emotional contagion Kaplan and Iacoboni, 2006; Schulte-Ruther et al., 2007) . Interestingly, a very recent study in which participants were asked to concentrate on their own and others' emotional states found that while activity elicited in the frontal component of the MNS was associated with emotional empathy, no correlations emerged in the anterior insula or amygdala (Schulte-Ruther et al., 2007) . This suggests that during explicit attribution of emotional states, the involvement of the anterior insula and/or amygdala may be downregulated, consistent with previous studies where amygdalar activity was reduced during affect labeling (Hariri et al., 2000; Lieberman et al., 2007) . Future research using connectivity analyses may help to further elucidate the complex interactions amongst the many brain regions that are involved in emotion understanding and empathy.
The ability to understand and empathize with how others feel is integral to successfully navigating social interactions. However, overtly mirroring the emotions displayed by others -hence communicating we understand them -is also likely to play a critical role in interpersonal exchanges (just imagine how you Fig. 3 . Relationship between mirror neuron system activity and interpersonal competence. Panel A shows that during imitation of emotional expressions, activity in MNS regions, insula, and amygdala was positively correlated with children's social abilities. Scatterplots depicting the correlation in these three regions with the ICS are shown in panel B, with interpersonal competence scores along the ordinate and parameter estimates along the abscissa (for display purposes, the imaging data are thresholded at t N 1.76, p b 0.05, corrected for multiple comparisons at the cluster level, p b 0.05). x, y, and z refer to the Talairach coordinates corresponding to the left-right, anterior-posterior, and inferior-superior axes, respectively. Tables 1-3 ). x and z refer to the Talairach coordinates in the left-right and superior-inferior dimensions, respectively. L and R refer to the left and right hemispheres, respectively.
would feel if your display of deep sorrow or intense happiness was met by others displaying a stone face). Indeed, it has been observed that empathy is often associated with imitation (i.e., the nonconscious behavioral mimicry also known as the 'chameleon effect'), which facilitates social interactions by coordinating behaviors and emotions between interacting partners (Bavelas et al., 1996; Chartrand and Bargh, 1999) . Thus, a link between interpersonal competence and MNS activity during overt imitation might be expected because of the communicative function that imitative displays of emotion serve (Bavelas et al., 1996) . While MNS activity during spontaneous imitation of others' emotional expressions cannot easily be assessed in the context of an fMRI study, reliable correlations were found between children's interpersonal skills and activity in frontal mirror, insular, and amygdalar areas during the intentional imitation of facial emotional expressions. These robust correlations between children's social abilities and activity in the circuitry previously found to be involved during the observation and execution of facial expressions (Carr et al., 2003; Leslie et al., 2004) lend further empirical support to the notion that the MNS -and its interface with the amygdala via the anterior insula -plays a significant role in social interaction by establishing a direct link between others' actions, intentions, and emotions and one's own (Gallese et al., 2004) .
Obviously, additional means of discerning others' mental states, ranging from conscious simulation to reasoning based on naïve psychological theories (for discussion, see Adolphs, 2006; Frith and Frith, 2006; Mitchell, 2005) -and the neural systems supporting these functions (such as the superior temporal sulcus, the temporo-parietal junction, and the middle prefrontal cortex; see Frith and Frith, 2006 , for a review) -are also important in social cognition and development. As suggested by others (Keysers and Gazzola, 2007; Singer, 2006) , future research should explore how these processes may build upon and interact with mirroring and simulation mechanisms to support mentalizing. Together with growing evidence of MNS abnormalities in autism (Bernier et al., 2007; Dapretto et al., 2006; Hadjikhani et al., 2006; Nishitani et al., 2004; Oberman et al., 2005; Theoret et al., 2005; Williams et al., 2006) , a disorder characterized by marked impairments in social interaction and theory of mind, the present findings further strengthen the link between the MNS and social functioning.
